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ABSTRACT 


Cyclic tests were conducted on two ring-stiffened com- 
posite cylinders consisting of high-strength aluminum rings 
Surrounded by thin metallic jackets. Both cylinders were 
Subjected to pressure variations corresponding to depths from 
0 to 10,000 ft. The estimated static collapse depths were 
about 15,000 ft. Both models failed at about 12,000 cycles. 


INTRODUCTION 


The David Taylor Model Basin is currently engaged in a study of the 
feasibility of composite construction for use in deep-diving submarine 
pressure hulls. Composite construction is a means of utilizing high-strength 
nonweldable materials for deep-Submergence applications. A complete de- 
Scription of composite construction appears in Reference ibs As part of 
this program, two cylindrical models of composite construction, Models DSRV- 
1A and DSRV-1F, were designed for the purpose of conducting exploratory 
cyclic tests to determine the fatigue strength of structures with this type 
of construction. 

Models DSRV-1LA and DSRV-1F were similar to Models DSRV-1 and DSRV-1L 
which were tested under static loading at the Model Basin. This report 
presents the results of the cyclic tests on Models DSRV-1A and DSRV-IF. 


DESCRIPTION OF MODELS 


Model DSRV-LA consisted of cylindrical segments of 7079-T6 aluminum 
with a yield strength of 76,000 psi, surrounded by a weldable aluminum jacket 
with a yield strength of 30,000 psi. The geometry for Model DSRV-1A was 
identical to that of Model DSRV-1L, which was statically ese,” except 
that on Model 1A the aluminum jacket replaced the HY-100 steel jacket used 
on Model 1L. Model 1A was originally constructed to determine the struc- 


tural characteristics of a composite model with an aluminum jacket under 


“References are listed on page 12, 


Static loading; hence, the geometry was the same as that of Model 1L. How- 
ever, it was decided that Model 1A could be of greater value if it were 
tested cyclically. The ratio of weight of material to weight of displace- 
ment for a typical section was. 0.53. 

Model DSRV-1F was constructed of cylindrical segments of 7079-T6 
aluminum with a yield strength of 72,000 psi and a jacket of HY-1O00 steel 
with a yield strength of 105,000 psi. Its geometry (excluding the jacket) 
is about 7 percent lighter than the 7079-T6 aluminum elements of Model 
DSRV-1A. The original model included a thinner steel jacket; however, 
this jacket failed after 12 pressure cycles had been applied. Subse- 
quently, upon reassembly of the model, more care was exercised in welding 
a thicker jacket to provide more stability. The heavier jacket is the one 
depicted in the drawings and referred to hereafter. The closures and 
penetrations incorporated in Model 1F were designed using results of earlier 
Static tests of closure nodels,° This model weighed 58.7 percent of its 
displacement. Figure 1 is a sketch of Models DSRV-1A and DSRV-1F. Pene- 
trations in the cylindrical portion of Model 1F were oriented 30 deg apart. 
For illustrative purposes, Figure 1b shows them to be on line. Figure 2 
Shows Model DSRV-1F after fabrication. 

Using data from Reference 2 and correcting for differences in jacket 
material and disparities in yield strengths, a collapse depth of about 
15,000 ft was calculated for both models. 


TEST PROCEDURE AND RESULTS 


Prior to cyclic testing, both models were instrumented with foil 
resistance gages for static loading. The static and fatigue tests were 
conducted at the Southwest Research Institute (SRI) at San Antonio, Texas. 
Strain data were recorded while the models were pressurized in the SRI 
4-ft pressure tank. Two pressure runs to 3500 psi were made for each 
model. Figure 3 shows strain gage locations and strains extrapolated to 
4450 psi. Next, the models were placed in a 30-in.-diameter tank and sub- 
jected to a pressure of 4900 psi, a 10 percent overload. During this test, 
the light steel jacket on Model DSRV-IF buckled. However, it was decided 
to continue with the cyclic test of this model and both models were placed 


in the SRI cyclic tank. The models were filled with oil and surrounded by 


a salt water environment. The brine was then pressurized to 4450 psi and 
pressure applied in cycles ranging from 0 to 4450 psi to the oil. After 1 
cycles, the light jacket on Model DSRV-1F failed. Subsequently, the model 
was removed from the tank and shipped to the Model Basin for reassembly 
with a heavier jacket. When this was completed, the model was static tested 
to 4900 psi at the Naval Research Laboratory (NRL) before being returned to 
Southwest Research Institute. Then both models were again placed in the 
SRI cyclic tank. After 500 cycles, the models were visually inspected and 
Static tests were made on both models at each subsequent 500-cycle inter- 
val. The fatigue test continued until both models failed at a point be- 
tween 11,500 and 12,000 cycles. The failure of these models was due to 
circumferential crack propagation at the weld line joining the jacket to 
the end ring. A longitudinal crack in the jacket of Model DSRV-lé is 
apparent also. Examination of the 7079-T6 aluminum components of both 
models failed to reveal any damage to theSe parts. See Figure 4 for photo- 
graphs of Models DSRV-1A and DSRV-1F after cyclic testing. 


DISCUSSION AND CONCLUSIONS 


Several significant points were brought to light by these rather 
exploratory tests. The results of the cyclic tests were fairly encouraging 
since both models withstood almost 12,000 pressure cycles to 4450 psi. 
Failure to discover any structural damage to the 7079-T6 rings and frames 
after cycling is evidence that it is possible to design a composite hull, 
weighing 53 to 58 percent of its displacement, that will withstand 10,000 
excursions to a depth of 10,000 ft. 

There is a definite need, however, for further cyclic tests on 
models of composite construction. More information is needed on the effect 
of scale on fatigue life; larger models are required to establish a corre- 
lation between size and structural characteristics. Certainly the small 
scale of these two models contributed to fabrication and tolerance problems 
and led to residual stresses which would be relieved or eliminated on 
larger models. The unsatisfactory results obtained with the thin jacket on 
Model DSRV-1F can be attributed to fabrication difficulties arising from 
the thinness and relative instability of this jacket. Conversely, it is 


true that the fatigue life of plating decreases as the plate thickness 


increases. Tests on larger scale models can be utilized to study this 
effect also. 

The problem of adequately penetrating and closing cylindrical 
pressure hulls of composite construction is another large problem area. 
Here again, the results of these tests are encouraging. Since the two hull 
penetrations and both end closures showed no ill effects after 12,000 cycles, 
there is reason to believe that properly designed penetrations and end 
closures Should not affect the fatigue life of composite structures. 

If further cyclic tests substantiate the fairly promising results 
of these preliminary tests, composite construction will definitely show 


promise as a method of fabricating deep submergence pressure hulls. 


RECOMMENDATION 


The fatigue strength of large-scale composite cylinders should be 
investigated to develop a correspondence between scale and fatigue char- 


acteristics. 
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Figure 1 - Models DSRV-1A and DSRV-1F 
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Figure lb - Model DSRV-1F 


Figure 2 - Model DSRV-1F after Fabrication 


Figure 3 - Strain Gage Locations and Strains 
at 4450 PSI 
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Figure 3a - Model DSRV-1A 
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Figure 3b — Model DSRV-1F 
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Figure 3c - Model DSRV-1F 
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Figure 4 - Models DSRV-1A and DSRV-1F after Cyclic Testing 
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